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INTRODUCTION 
The purpose of this research was to prepare pinane by a 
method of catalytic hydrBgenation heretofore -unused, and to 
check its physical constants against those found in previous 
researches* In addition, the investigation included a study 
of the sulfonation of pinane, and the conditions for sulfo-
nation, also a study of the properties of the resulting sul-
fonic acid* Its properties were considered with a view to 
the possibility of commercial utilization of the product* 
HISTORICAL 
Pinane was first reported prepared from 1-pinene by 
Sabatier and Senderens^ in 1901, using a finely divided nickel 
catalyst* The vapors of pinene mixed with hydrogen were 
passed over this catalyst at a temperature of approximately 
o ** 
220 • The boiling point of the original pinene used was 
not given by Lipp, where this reference was found, and the 
original reference was not available* The resulting oil was 
purified and fractionated, giving a liquid which distilled 
from 165 - 166°• Since that time a number of investigators 
have prepared pinane by variations of the Sabatier and Sender-
ens process,^ using nickel, palladium, and platinum catalysts, 
(l)Sabatier and Sender ens, Comptes Rendue s, 152,1256, (1901) • 
(2) (a)Sabatier and Mailhe,Bl*(3),36,615, {iWB); (b)Vavon,C.R.l49, 
98; Bl*(9),9,25@^(e)Zelinsky,Ber.l?,2784;(d)lJametkin-Jarzeff, 
Ber*56,852 ;Te)Hametkin,J*Russ*Phys*Chem*Soc*51,147--51( 1920) ;(f) 
P. Lipp, Ber*63B, 411-6J 19J&). 
(3)A. Lipp, Ber* 56B,3($9& - 107, (1923). 
and reducing with hydrogen in the vapor state. A* Lipp° 
mentions the production of pinane by hydrogenation with a 
platinum catalyst in the liquid state, first prepared*by Pokin 
and Wilstatter, and prepared later by Lipp, using the Fokin-
Wilstatter procedure, For the moat part, the variations in 
physical constants reported may be considered due to experi-
mental error, as the magnitude of these variations is not 
great. A few of the chemical properties have been investiga-
ted and are reported, and also a study of the Raman Spectra.^ 
About the only comprehensive and worth-while review on 
the subject was published in 1923 by Lipp,^ who summarized 
the previous work and did some work himself to verify the 
structure of pinane. Lipp^ mentions the pinane produced by 
various methods which were unpublished, but contained in the 
theses of the Technische Hochschule, Munich, from 1910 to 
1917. Lipp, using pinane prepared by the Sabatier-Sender ens 
process, states tha> several days action of concentrated sul-
furic acid on this pinane caused a riae in the hydrogen and a 
drop in the carbon values, and a strong decrease in optical 
activity. He does not attempt to explain this, however, and 
all other investigators working with supposedly pure pinane 
report no reaction from sulfuric acid in any concentration. 
The freezing point of pinane was reported in Beilstein* 
as -50° for d-pinane prepared from d-ocpinene. Freezing point 
for 1-pinane is not given* Lange's Handbook reports -45° for 
(4)(a)DuPont,Daure,and Allard, Bull. Soc.etiim.49,1401-9,(1931); 
(b)Bonino and Cella,Mek>^Wcad, Italia, chim.2,No.4, 5-51, (1931) • 
(5)Beilstein,Vol.5\, 4th edition supplement, Pg.48. 
(6)Langefs Handbook of Chemistry, (1934). 
^"^^mmm 
d-pinane# These were subsequently determined during the 
present investigation to be much too high for the pinane 
prepared. 
&•****& 
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(a) Preparation - 1500 cc gum turpentine, furnished 
by the U. S. Naval Stores Experiment Station at Olustee, 
"w 
Florida, was distilled in a 45 inch fractionating column. 
The first 75 cc were rejected, and the subsequent fraction 
boiling over a range of one degree (155-156° at 737 mm) was 
retained, put in a bottle containing metallic sodium, and 
allowed to standi with occasional shaking for a few days. This 
fraction amounted to approximately 700 ee. This was redis-
' tilled in another smaller fractionating column, and the middle 
portion, boiling over a range of approximately three-fourths 
of a degree was retained, 
(b) Properties - The physical constants determined 
were boiling range, 155.3 - 156.0° at 738 mm; rotation, 
-39.4° at 27° C; freezing point -61° to -63°. 
at 
The boiling ra'nge was measured with a calibrated Anschutz 
thermometer reading in tenths of a degree. Rotation was 
measured on an ordinary optical rotation apparatus. The 
freezing point was measured in a liquid air bath, using a 
pentane filled thermometer whose error was not more than a 
degree or two at the temperature of dry ice, and which was 
correct within error of reading at 0°. 
PINANE 
(a) Preparation - Pinane was prepared from the pinene 
previously prepared, ̂ f̂-teydrogenation in an Adams type reductor,^ 
(7) Organic Synthesis, Voir X? 53, (1932) 
i—-^—"^^^™—*P"""^"^"^ ^ ^ 
• 
using the Raney nickel eatalyst8. The reduetor is a device 
for shaking and heating a round-bottom flask containing the 
catalyst and the material to be reduced. A 500 cc round-
bottom flask was coated with a 3/16 inch layer of asbestos, 
around which was wound hafcf of an 18 foot length of No. 30 
Chromel wire. Another layer of asbestos ijas applied, then 
the rest of the wire wound, after which a final layer of asbestos 
was put on. The vessel was then air-dried for a few hours, 
and the drying completed in an oven, then it was wrapped in 
tire tape. The flask was then clamped in place by its neck 
on the shaker. The shaker was constructed to give about 
fifty shakes a minute. A elamped-on stopper for the flask 
contained a thermometer and a hydrogen intake. Originally, 
a rubber stopper was used for this, but after two failures gave 
less than five percent yield, this was given up. Evidently 
the sulfur in the rubber poisoned the catalyst, for it was 
ineffective after having been used with the rubber. The 
final apparatus was equipped with a lead stopper in which the 
hydrogen intake tube and the thermometer were integrally cast. 
This was then machined to fit with a shoulder, and a slight 
circular ridge machined on the shoulder to hold a gasket better. 
Various materials were tried as a gasket, but cork-filled 
Neoprene was the.best of all used. A coat of Duco paint around 
h the tube and the thermometer reduced hydrogen leakage to prac-
tically zero, though it was never quite completely eliminated 
with the lead stopper. ] With the lead stopper, the catalyst 
» & 
(8) Raney, JACS 54,^4116, (1952) 
' : •• 
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6« 
did not seem to decrease in activity, and could be used over 
and over. 
A small intermediate cylinder was used between the large 
hydrogen cylinder and the flask, to prevent too great pressure 
on the flask, since a reducing valve was not used. The pres-
sure guage on the intermediate cylinder enabled a closer check 
on the pressure changes, since the smallei* cylinder, which 
« 
held enough hydrogen at fifty pounds for one run, was shut off 
from the larger one after being filled. A system of valves 
was attached to the intermediate cylinder which allowed 
shutting off either the flask or the large cylinder, or both. 
Also, the whole system could be evacuated and refilled with 
hydrogen without changing the connections, 
To carry out a hydrogenation, the flask was clamped into 
place on the shaker. The leads from the resistance wire 
were connected in series with a lamp bank for temperature 
control. The flask was heated with 110 volt current. Two 
hundred cc of plnene and seven to ten grams of catalyst^ were 
loaded into the flask, and the stopper clamped on. While the 
flask was warming up, the air was flushed out by alternately 
Q-PPlying suction with a water pump, and then running into the 
whole system about three atmospheres of hydrogen. For the 
first run, this was done four times in order to clean out 
the intermediate cylinder, which had contained air. On 
subsequent runs, only the flaak was flushed out. 
(9) The Raney catalyst, aft̂ er being washed with alcohol and 
dried in an atmospherecof^tf^drogen, was kept under pinene in 
stoppered bottles.. Equal weights of pinene and catalyst were 
present, so that fifteen to twenty gm. of this mixture was used. 
Shaking was begun when the temperature reached about 150°• 
The hydrogen pressure was usually kept at about 45 pounds 
gage, merely increasing the pressure slightly above 45 every 
time it dropped to forty or forty-two pounds. On different 
batches, the temperatures ran from 190 - 210°• The time 
allowed for hydrogenation, was on various batches from seven 
to twelve hours. 
The resulting liquid was decanted and fractionated once 
for general use. * Following is tabulated a typical result 
for approximately 140 cc distilled at 738 mmj 
14 cc 160 - 164° water-white 
31 cc 164 - 165° « n 
50 cc 165 - 166° ft n 
35 cc 166 - 166.5° rr « 
10 cc Residue yellowi sh-brown 
The three middle fractions are probably practically all 
pinane, and amount to approximately 80$ yield. In addition, 
half of both end fractions may probably consist of pinane, 
which if considered will make the yield approximately 90$. 
Considering the boiling range of nearly pure pinane as 
165.5 to 166.5° at 740 mm, these results for "Boiling range" 
are just about the average of those previously reported. 
Cb) Properties - The center fraction of the distillation 
referred to above is not affected iri the cold by permanganate 
^lution, sulfuric aeid, or nitric acid, on shaking and 
Rowing to stand "for- about an hour. 
One hundred cc of th^^ihane boiling over a range of two 
and a half degrees was fractionated six times In the fraction-
ating column, giving 50 cc of the center fraction that seemed 
practically constant boiling. This fraction was fraction-
ated once more in a small column. The result of this 
distillation at 738 mm was as follows: 
\ 
1 cc *~ 166.2 - 166.6° 
3 cc 166.6 - 167.0° 
44 cc 167.0 - 167.$° 
2 cc Residue 
This 44 cc fraction was utilized for the determination of 
the physical constants of the pinane. It amounted to 
about 40$ yield on the basis of the original pinene. 
The optical rotation, measured at 27° C, was -6*5°• 
Its specific gravity, with respect to that of distilled 
water at 17.5°, was measured with a Westphal balance: 
at 17.50 . 0.8567 
20.0° - 0.8550 
26.0° - 0.8509 
Its refractive^index, measured at 20° with an Abbe 
refraetometer, was 1.4602. 
The freezing point determination was made in a large 
air-jacketed test-tube, immersed in a liquid-air bath in a 
Dewar flask. A 15 cc sample was used, into which the 
pentane thermometer was immersed, the pinane being stirred with 
a loop of copper wire. The average temperature drop was 
from one to two degrees a minute/ The freezing point was 
based on three determinations: in one the pinane was removed 
immediately on hardening, in another, 1% was kept at the semi-
hard stage for five mlftuiTesV̂ and in the third, it was kept at 
-80° for ten ininutes (just „below hardening temperatures), and 
_ _ _ . 
Si 
• 
then for 45 minutes at the semi-hard stage • Fall and rise 
of temperature was controlled by changing the depth of 
immersion in the hath. In all cases, the condition of 
the pinane seemed to he dependent on the temperature alone, 
without being affected by the time taken. At no time did 
the appearance of the pinane change. No crystallization 
was evident, nor any decrease in clarity, except for a very 
slight clouding above -40°, which may have been due to a 
very small amount of water. Water may possibly have been 
• » 
introduced through atmospheric condensation on the wire 
stirrer, which moved up and down. 
At -82° the pinane began to increase in viscosity, 
becoming more and more syrupy, until at about -100° it was 
too stiff to continue stirring. This was in contrast to 
the behaviour of the sample of pinene, which had become 
definitely crystalline at -62°. 
Optical rotation^and freezing points were determined 
(one determination each) on a few other samples selected at 
random: 
Boiling Range 
at 738 mm 
160 - 162© 
163 - 1640 
165 - 166° 
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SULFONIC ACID FROM PINANE 
(a) Preparation 
(1) In order to determine whether pinane could be 
sulfonated with concentrated sulfuric acid, the following 
experiment was tried: to...five cc of pinane were added five 
cc of 96 - 98$ sulfuric acid. This was stirred in a test-
*•» 
tube in an ice-batig^or three hours, then allowed to stand# 
Practically all the original oil separated, and the acid layer 
was a light orange color. Stirring was continued for three 
hours at room temperature. About 4j cc of oil settled out, 
and the aeid layer was brown-colored* Stirring was contin-
ued for three hours more at 60°. About 4 cc of oil floated, 
and the acid layer had become a dark brown* This acid was 
not extracted. 
Since it was evident that only a small amount of sulfon-
ation could be occuring under these conditions, oleum of 
varying concentrations^ was used in the subsequent experiments. 
Two variations of the procedure were used, and are given 
below: 
(2) An amount of pinane, about 5 cc, was put in a 
test tube and varying amounts and concentrations of oleum 
were added directly, all at once. The tube was immersed 
in a bath and stirred for three hours with an air-driven 
stirrer. At the end of this timer the stirrer was stopped 
and removed, the pinane unreacted allowed to float. This 
pinane layer was Removed with an elongated medicine dropper 
and weighed. For the,firS;t>:five runs, the boiling point 
of the unreaeted pinane"was checked. However, since it came 
1U 
out the same as the original each time, or very slightly 
higher, it was assumed that no reaction had taken place on 
this oil. (Some of the recovered pinane was sulfonated in 
three instances, and "behaved exactly like the other unused 
product) 
The "bottom acid layer was poured slowly on crushed ice, 
then neutralized with precipitated chalk. This was done 
because, as with practically all sulfonic acids, the calcium 
salt is water-soluble. This results in a solution containing 
a small amount of soluble calcium sulfate and the calcium 
sulfonic acid salt* 
2 RSOjH + CaC03 n Ca(RS03)g + HgO f COg 
CaCO^ + H2SO4 s CaS04 * HgO + COg 
The calcium sulfate was precipitated and filtered off with the 
excess calcium carbonate. Using this procedure, it was a 
relatively simple matter to prepare the pure calcium salt of 
the sulfonic acid. The solution was evaporated to dryness, 
first by boiling, then the last of the water removed in a 
vacuum desiccator. The dry salt was taken up with a^hmall 
amount of water, filtered, and dried again; the proee^ once 
more repeated, to remove as much as possible of the calcium 
sulfate• 
For analytical purposes, a sample was twice again 
extracted with water, then the product was submitted to an 
analysis for Ca and SO^. Calcium was determined as calcium 
sulfate by the method ..giv̂ n-by Seott^0, using l/20 of all 
"-Ci • * -
•s 
(10) S c o t t , S tandard .Methods K)f Chemical A n a l y s i s , page 107 
• 
. • • • • • 
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amounts called for* The salt was dissolved In water and 
calcium was precipitated in acetic acid solution with ammonium 
oxalate. The calcium oxalate was filtered off, ignited, 
then converted to the sulfate with a few drops of cone, sulfuric 
acid. The sulfate was "ignited, weighed, and calculated to 
calcium. 
••* 
On basis of Ca(C10
H18S03)2 : 
Calcium : Calculated, 0.890$ Pound, 0.835 * ,02$ 
S03 was determined by digesting 0.1 gm in 100 cc of 20$ 
HC1 for three hours at 90 - 95°, then allowing to stand 
overnight, after which the solution v/as analy/z'ed for soluble 
SO* by method given by Sc ottH. 
Ca(RS03)2 + HC1 s 2 RS03H + CaClg 
RSO3H + HOH * RH 4 H2S04 
The small percentage of calcium and the acidity of the solution 
was such that calcium sulfate did not precipitate. l/20 of 
the amounts called for was used. The sulfate was precipitated 
in hot solution by addition of barium chloride, filtering and 
weighing in a Gooch crucible. 
S03 : Calculated, 3.56$ Pound, 3.6 * .2$ 
It was found that if any appreciably greater quantities 
were used in the digestion with HC1, the results for SO3 were 
low. The percentage of hydrolysis became very small when an 
attempt was made to hydrolyze enough of the sulfonic acid to 
'V. 
produce an organic "residue of suitable size for identification. 
Blanks on the HC1 used̂ * sfaowed, no sulfur. 
(11) Scott, Standard. Methods of Chemical Analysis, page 497 
(3) To check on the sulfur dioxide produced in the 
sulfonation, a few runs were made in a 200 cc four-neck flask, 
equipped with a mercury-seal stirrer, a separatory funnel for 
drip-adding oleum or pinane, a thermometer, and an outlet tube. 
This outlet led through k& empty trap into a 500 cc Erlenmeyer 
containing fifth normal NaOH, which had an outlet to the 
atmosphere through a soda-lime tube. The round-bottom flask 
was kept immersed in a bath at the temperature desired, 
In general, it was charged with a weighed portion of 
about 20 cc of pinane, and the acid added through the funnel 
in half to one hours1 time. There was no noticeable rise 
in temperat-ure, except when the acid was added very rapidly to 
the pinane while the flask was not immersed in the bath. 
The resulting batch was treated in exactly the same 
manner as in the previous method, after reserving an aliquot 
portion for the determination of the sulfur dioxide. The 
sulfur dioxide was determined directly in this solution by 
titration with tenth normal iodine solution. The soda-lime 
tubes and caustic were made slightly acid with HC1 and titrated 
with the same iodine solution. Only when the evacuation of 
the gas was extremely rapid was any sulfur dioxide found in 
the soda-lime tube, and not much in the caustic. 
In an attempt to add 60$ oleum into this apparatus, a 
carbonaceous appearing stalactite'formed at the end of the 
separatory funnel, which eventually clogged the tube, prevent-
'•"V 
ing further flow. As a result, only the lower acid concentra-
tions could be used. - -r"^" -̂\ 
The final step in the production of the sulfonic acid was 
the addition of the calculated amount of oxalic acid in 
water solution, to a water solution of the calcium salt. 
The solution was boiled, filtered and evaporated to dryness. 
This residue was extracted with a small amount of cold 
water, filtered, and re*evaporated to produce the free 
sulfonic acid. 
(b) Properties - The free acid is black in color, 
and gives a dark brown, nearly black, water solution. The 
dry solid is readily powdered, and quite brittle, but not 
evidently crystalline. It is soluble in any solution of 
water, or any liquid containing a reasonable amount of water. 
With water and practically all solutions it makes a paste 
with only a few drops. It is also soluble in carbitol, 
but in no other organic solvents tried, including methyl, 
ethyl, butyl, and oetyl alcohols, acetone, ether, chloroform, 
carbon tetrachloride, oleic acid, pinene, pinane, ethyl and 
amyl acetate. .* 
No solvents were found in which it was only partially 
soluble. Attempts to recrystallize the free acid or the 
calcium salt by diluting their water or carbitol solutions 
with organic diluents resulted only in a separation into 
two liquid layers, one of which contained a very concentra-
ted solution of the sulfonic acid salt. 
The free acid is quite hygroscopic, dampening with only 
a minutefs exposure to the air. 
It decomposer somewhere above 200 degrees without 
melting. ' ̂ r****^ ̂  
>-,-.-
Calcium earbonate is not precipitated from a solution 
of the calcium salt of the acid, on "bubbling in COg for an 
extended period* Calcium oxalate is precipitated when 
an oxalic acid solution is added to the calcium salt. 
Evidently the strength,"-and therefore the ionization constant 
for the sulfonic acid is somewhere between these two, at 
approximately K^ s 10~^ • 
Further work on the properties, and attempts to hydrolyze 
the acid were done with the calcium salt, and are mentioned 
under properties of the salts, 
SALTS OF SULFONIC ACID FROM PINAME 
(a) Preparation 
(1) The preparation of the calcium salt is an 
intermediate step in the production of the acid. 
(2,3,4) The sodium, potassium, and ammonium salts 
were produced in the same manner as the free acid, from the 
original calcium salt, by double decomposition with the 
carbonates or oxalates of the corresponding cation. They 
were also purified in the same manner• 
(5) An attempt to prepare the aluminum salt by the 
same method, using aluminum oxalate prepared in the laboratory, 
failed. The reason for this is evidently that the salt 
hydrolyzed, precipitating aluminum hydroxide. 
(b) Properties - The salts are non-hygroscopic, or 
• • • * . - ' • • ' • • & : • 
practically "sl^ The calcium salt is dark brown, the sodium, 
•-•**<• * h 
potassium, and ammonium salts a lighter brown. Otherwise 
there is no evident difference between the properties of 
^" • • • • • 
X6i 
the salts and those of the free acid. 
The salts have the same solubilities as the acid, and 
decompose without melting. The salts are brittle and 
readily powdered. 
An attempt was made*~to analyze the calcium salt for 
carbon and hydrogen in a combustion train. After fourteen 
*•» 
hours of burning, only 45$ of the calculated water and b0% of 
the calculated carbon dioxide was produced, and the ash was 
still grey, altho the tube had been heat3d at approximately 
600 degrees. 
Ten grams of the calcium salt was heated for two hours 
at 200° in a sealed tube with 20 ec of water and ten grams of 
sodium hydroxide. Nothing separated from the solution other 
than sodium silicate. An ether extraction produced only 
enough residue to give a faint aromatic odor, which was 
unrecognizable• 
On treatment with fused sodium hydroxide, nothing of any 
consequence was recovered, and some of the product was decomposed. 
Any results that might eventually be obtained by pursuing 
this course more carefully would likely be unreliable, due to 
instability of terpene structures at the temperature required 
( 510 - 320° ) . The material was treated in a round-bottom 
flask fitted with an afcr reflux having a lead-off tube at the 
top. A few drops of unidentifiable liquid were recovered, 
and quantities of a foul-smelling non-condensible gas were 
"Si 
evolved. 
Heating to aboUt^l^S^'with sulfuric and with phosphoric 
acids produced no hydrolysis, beyond a small ether extract. 
This was merely enough for a faint odor, after three hours 
heating with the cone* sulfuric acid. Nine grams were 
dissolved in cone. HC1, and the solution boiled to dryness. 
The total ether extract amounted to about half a cc and was 
black and slightly viscous. 
Since most salts of sulfonic acids are good wetting 
'•••> 
agents for cotton it was thought worth-while to try the 
effect of the calcium salt of this acid. However, a ten 
percent solution was required to show a wetting effect equal 
to that shown by some of the products at present on the market, 
when used in a 0.3 to 0.1$ solution. 
Eleven, grams of the calcium salt was treated with twenty-
five grams of phosphorus pentachloride, refluxing for an hour 
in an oil bath at 150° • The solid mass was extracted 
with benzene, and the solution poured into cone, ammonia 
solution. Evaporation of the benzene layer produced about 
three to five percent yield of a solid soluble in carbitol, 
amyl acetate, alcohol, and acetone, but insoluble in water 
and ether. This product was so soluble in alcohol that it 
could not be recrystallized. Its purification was attempted 
by suecesive solution, filtration, and evaporation^ first in 
alcohol, then in acetone, then in amyl acetate. However, 
each evaporation resulted in partial decomposition, with a loss 
of some of the compound. Strange ly%nough, while the decom-
position product was no longer soluble in solvents mentioned, 
or in water, it^would nearly completely dissolve in carbitol, 
showing that the decomno^ition was not complete. 
This solid also" "decomposed without melting. 
• " - • • • • • • • • • • ' - ~ ~ — ~ — - — ! — ! — ' — T T ; — • • • . . - . , . . . . . . . • . . • . . . 
18* 
There was about 90^ recovery of a water-soluble hygro-
scopic black powder, which was evidently the original 
sulfonic acid; also some decomposition into a small residue 




A number of runs were made varying the concentration and 
the amount of acid used* In all but two of these runs, the 
time of stirring was three hours. One run was stirred for 
three hours, at the end of which the amount of unreacted 
pinane was measured, and then replaced for seven hours additional 
stirring. The pinane was again measured, and the amount 
was not found to decrease noticeably. Unfortunately, an 
accident prevented measurement of the final yield of this 
batch, but all evidence indicated that it was in line with 
the results of the other runs. Another run was stirred 
for only 45 minutes. The yield for this run was in agree-
ment with that expected for the same concentration and three 
hours of stirring. Evidently the time of the reaction is 
very short, and with highly efficient contact, the process 
probably could be cut to a few minutes. However, with 
contact very efficient, efficient cooling would also be 
necessary. Otherwise the acid would have to be added 
'v 
quite slowly, since a certain amount of heat is liberated. 
The results are - ̂ howif in the following tables, both for 
runs where sulfur dioxide was measured, and those where it 
was neglected. 
. . . . ^ • ^ ^ 
19 
On the graphs, the dots show nans which were made with 
about 4-J- grams of pinane, and ten cc total acid, in an ice 
bath. Circles indicate the runs made at room temperature, 
approximately 25°, in a water bath. X!s indicate that 
20 cc of acid was used, 'and the runs for these were made in 
an ice bath. All these runs were made in the test tube. 
Runs made in the flask are marked with a triangle. These 
were made in a water bath at room temperature. 
«fe 
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DISCUSSION 
Pinene, besides existing as alpha and beta isomers, 
has a. number of stereo-isomeric forms. When either alpha-
or beta-pinene is hydrogenated, a saturated product is formed 
which has three asymmetric carbon atoms, and therefore 
possibilities in itself for stereo-isomeri«m. 
A/t 
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If we number the carbons as indicated, we see that 
numbers 1, 2, and 4 are asymmetric. Since the Me group 
on 1 may lie on either side of the ring, there may be two 
isomers due to this carbon. Theoretically, a total of 
sixteen isomers mig&t exist, since there are three asymmetric 
carbons. However, if the space formation is considered, it 
will be seen that only four may exist without undue distor-
tion of the four-membered ring, 
Evidently the existence of four stereo-isomers may 
possibly account for slight discrepancies in results found 
by different investigators. It may also have something to 
do with the fact that the mixture^ produced on hydrogenating 
pinene boiled over the wide range observed. 
It should "D% particularly taken Into consideration at 
this point that the apja&ra&us used for the most part in 
Investigations reported previous to this one, In particular 
for fractionating, was far from efficient. Reports are 
made on physical properties in many instances, with an 
indicated error of less than one tenth percent, on a liquid 
boiling over a two degree range. This is particularly 
taking much for granted, When it is considered that the three 
isomers of pinane reported all boil at practically the same 
temperature. It is practically certain that none of these 
isomers even approximate 100$ purity. 
As for the particular fraction chosen for this present 
work, the only reason that it was taken rather than some other 
range was the obvious one that this was by far the largest 
fraction boiling over a half degree range. Yet even with 
the highly efficient packed column, the final fraction 
probably is a mixture of isomers, due to the propinquity 
of their boiling points. 
With regard to the freezing points, first of pinene: 
the discrepancy of approximately twelve degrees found between 
results of this research and those reported in Lange!s hand-
book and elsewhere, three possible explanations exist. 
First, the pinene used in this research may have been a 
mixture of alpha and beta isomers, which are very difficult 
to separate. Second, the pinene may not have been sufficiently 
fractionated, although it was twice fractionated in efficient 
columns, and collected first over 'one degree, next over 
three-quarters degree. This would not seem to explain a 
discrepancy of twelve degrees in the freezing point, however. 
Thirdly, the earlier result's may be in error. 
In no references were found results for the freezing 
point of pinene lower than -55° ^ , or of pinane lower 
than -50°. And though it is true that there is no evidence 
that the present products are the purest, neither is there 
any evidence to the contrary. Certainly the discrepancies 
found are quite out of line with discrepancies which might 
be expected under ordinary conditions. In particular is 
this true for the pinane. 
The freezing point reported for pinane is for the 
so-called nd-pinane". Which of the four possible this may 
be is very doubtful, it is rather almost certain that this 
refers to a mixture of isomers. No two different sources 
were found to check each other or this work on the degree of 
rotation, so that no comparisons can be drawn. It is still 
safe to say that the present pinane is probably as pure, or 
purer than any previously reported. 
In view of this, the best that can be said of the previous 
reports of the freezing point of pinane is that they are 
doubtful, if not actually in error. Although it may be 
inferred from the difference in rotatory power that the 
present pinane is a different mixture of isomers from the 
previous pinanes, the other properties, such as boiling range, 
specific gravity, refractive index, etc., check as closely as 
could be desired. Therefore, there is no reason to suspect 
that the different mixtures of isomers would vary as much as 
the indicated 4® - 50° in the freezing point. 
y. 
(12) Beilstein, Vol. Bf fourth edition, page 146 
: • - . 
Because of many troubles with 3.eakage in the apparatus 
used for hydrogenation, a great deal could not be determined 
with reference to the temperature effect. Also the 
temperature range did not vary a great deal. Neither could 
anything be told of the effect of the .time, which varied from 
7 - 1 2 hours, for the same reason. In general, the yield 
seemed practically as good with low temperatures and short 
periods as with high temperatures and longer periods, as 
long as the catalvst was functioning. 
Probably the temperature could be 50 to 100 degrees 
lower than the temperatures used. The time required 
undoubtedly depends on the rate of contact of the catalyst 
with the hydrogen. Since the reductor was shaken rather 
slowly, this was necessarily slow. Arrangements could be 
made to speed this by use of some other apparatus, to get 
a shorter period. 
Prom an examination of the pinane structure, it will be 
seen that exclusive of the methyl groups, there are six places 
where a sulfonic group could be introduced without breaking 
the rings. Of these, three are tertiary carbon atoms, which 
are more likely to be attacked by the sulfonating agent than 
the secondary carbon atoms. Of these, one, the number one 
carbon is in such a position that the methyl group may cause 
steric hindrance, and possibly prevent entrance of the 
sulfonic group at this point, or at least retard it somewhat. 
This leaves the more probable locations for the sulfonic 
group, barring molecula>"rearrangement, in either the 2 or 4 
position* 
• " • 
Since all attempts at hydrolysis resulted in decompostion 
or no reaction, this is a question as yet unanswered. The 
sulfonic acid investigated may he a mixture of two or even 
more isomers. Without consideration of steric isomerization 
there are two or three .probable ones, and considering the 
steric effects, many more may exist. It is even possible 
'i 
that a disulfonic acid may have been formed where large 
quantities of 60$ oleum were used. 
Possibly larger quantities of the materials used may 
have produced more conclusive results, however, from all that 
could be told in the present work, the sulfonic acid itself 
is much more stable under treatment than the organic residue 
would be if it were successfully hydrolyzed off. 
In. this respect, the present sulfonic acid is different 
from that of benzene, which is readily hydrolyzed with both 
alkali and acids. Also, the sulfonamide of benzene is 
readily prepared with PCI5, whereas only a small amount of 
alcohol and benzene soluble residue was obtained with the 
present sulfonic acid. This decomposed without melting, 
while the sulfonamide of benzene is readily recrystallized 
and has a definite melting point. 
Its solubility, however, is in line with that of 
practically all other sulfonic acids, in particular since the 
salts of the heavy metals are readily water-soluble. 
Prom the sulfonation a certain amount of by-product 
averaging about* twenty-five percent was recovered by 
ether-extraction of th& cajlcium carbonates and sulfates 
filtered from the solution. This was evidently a mixture 
• • • 
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of polymerized and decomposed hydrocarbons. It was viscous, 
sticky, and dark brown* Half of it distilled between 165 
and 250° (at 10 mm), with no definite fraction anywhere 
evident* The residue changed in appearance only in that it 
became nearly solid, and-.very much more sticky* It was not 
further investigated, other than noting that on standing it 
increased in viscosity, probably through air oxidation. 
After a few weeks, some left on a watch-glass had become solid 
and somewhat brittle. 
It was noted in some of the later runs, that the products 
produced were hygroscopic, and on analyzing these for Ca, the 
results were found to be as much as 50 - 60% low. ^his 
percentage of Ca could be increased by boiling the acid with 
lime* 
The reason for this result may be found in the fact that 
the later runs were made with more speed than the earlier 
runs, so that the agid may not have had time to be neutralized. 
The results in the test-tube sulfonation and those in the 
flask were for the most part comparable, although the yield 
from the test-tube sulfonation was in general slightly higher* 
This seemed natural enough in view of the fact that there was 
more agitation in the test tube than in the flask, where the 
small amount of material spun much more than it mixed* 
The change of thirty degrees from an ice-bath to room temper-
ature seemed to have only a negligible effect on the results. 
• • * • . 
The primary consideration in the sulfonating was good contact 
of the reactants, thorougM agitation, since the difference 
in specific gravities-is great. 
• . • ' - ' 
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In general the accuracy of the measurements made was 
greater than the reproducibility of results. 
In consideration of the three curves included: First, 
curve number one (I) of Grams SO3 against yield on the 
basis of pinane. Here only two points are definitely off 
the curve. Neither of these can be explained by the change 
in concentration. In the case of the point which gives a 
higher yield than the curve indicates (see Table I, run 12), 
the concentration is about half that of the run (number 11) 
nearest it with the same weight of SO3. The difference is 
found in that run 12 contains about twice the amount of 
hydrogen sulfate. Again, in the case of the point giving 
the lower yield, (run 14), it is seen that while the concen-
tration of oleum for this run is almost twice that of the next 
run (number 15), the lower yield may be explained by the fact 
that there is much less hydrogen sulfate. 
It is seen that^the runs at room temperature fall in line 
with those done at ice bath temperature. 
From this curve, we may conclude that if the amount of 
pinane is kept constant, the yield increases almost in propor-
tion to the weight of sulfur trioxide. Also, that increased 
amounts of hydrogen sulfate, (decreased concentration) also 
tend to give higher yields• Possibly some water may be formed 
which is removed by the hydrogen sulfate. 
Four runs (18 - 21) are shown omcurve number two (II) of 
Grams pinane agdtinat yield on the basis of pinane. In these 
runs the acid was kep.t constant. These indicate that the 
. • - • • • 
percent yield based on pinane decreases, as the amount of 
original pinane increases. At the same time, there is a 
small increase in the amount of salt produced, showing 
that the amount of pinane has some effsct, though not nearly; 
as strong as the effect of increasing S03. 
Another graph is shown, curve number three (III), in 
which the Grams SO3 per gram pinane is plotted against the 
percent yield, based on pinane. The curve for the runs 
in the flask ig different from the curves for the run in 
the test tube — possibly lack of efficient contact in 
mixing is the cause. In general, both curves show the same 
tendencies previously mentioned, I.e.., increase in yield 
with increase in SO3, with only a slight concentration effect. 
It should be of interest to make a series of runs keep-
ing the SO3-pinane ratio constant and varying the amount of 
hydrogen sulfate. 
The lack of wetting power of this sulfonic acid in 
comparison with other sulfonic acids may be ascribed to the 
dissimilarity between the terpene end of the molecule and the 
cotton fats, in which the terpene "end must dissolve to wet 
the cotton. Either it is not sufficiently soluble in the 
cotton fats, or else it is so short that the excessive 
polarity of the compound will not allow sufficient surface 
action to come into play. As a matter of fact, the more 
efficient wetting agents contain from 15 to 20 or more carbon 
• . • • 
atoms, and most of them are straight-chain compounds. 
• jsrsL"**'^ 
Not much could be told about the results with the sulfur 
dioxide • It can be seen from Table II that the sulfur dioxide 
formed was almost equivalent to either the pinane decomposed or 
the sulfonic acid salt formed * More probably it was connect-
ed with the decomposition of the pinane, through oxidizing 
pinane even at the low temperatures which-•were used in the 
experiments* As this is probably the case, no conclusions 
may readily be drawn, since the amount of sulfur trioxide re-
duced to the dioxide for a certain amount of pinane is not at 
all definite* There is no reason to suppose that the pinane 
was oxidized before the formation of the sulfonic acid, since 
such a postulation would infer subsequent oxidation. The 




Pinene from gum turpentine was hydrogenated by a new proce 
dure using a Hi catalyst to produoe pinane. The properties of 
the resulting pinane were, checked and the freezing point of 
pinane redetermined (about -90°)• A sulfonic acid and a few 
of its salts were produced from the pinane, using oleum as the 
sulfonating agent* A study of the conditions of sulfonation, 
including amounts and concentrations of oleum compared to 
yield, was made* The properties of the free acid and its 
salts were investigated. 
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